of the v;ire itself. His conclusion was that the current, except for the temperature effect does not change Young's modulus. On the other hand he found that there is an additional lengthening due to current, over and above the expansion due to temperature, the increase in length due to the pure current effect "being equal to the effect of an increase in temperature of from one to nine degrees Jentigrade. The following year Edlund (Annal. d. Phys. 131, 337, 1867) reports having found a source of error in the former method.
His new observations result however in the very same conclusions.
Streintz (Annal. d. Phys. 150, 368, 1873) feeling that the. results of Y/ertheim and Edlund wero somewhat contradictory, made the wires which ho studied part of a torsion pendulum. He found changes showed an increase in length due to current a3 had been found by Hdlund.
Mebius (V/iedemann illektricitat, I I , 220) employing rods of stool, iron, brass, and silver, and using the method of bending found the change in the elasticity of the respective rods to be loss than 0.00089, 0.0015, 0.0047, 0.0C37 per cent.
LIlss IToyos (Phys. Rev. I I , 279, 1895) using 3toel piano wires mounted horizontally upon a dividing engine secured rather consistent results
4.
when the wires were heated externally hut no regularity in the case of current heating. The following year (Phys. -*ov. Ill, 433, 1896) with a 30mewhat improved apparatus and using steel, 3ilver and copper wires she reached the conclusion that except for the heating effect current has no effect upon Young' s modulus. An inspection of her results leads one to question whether they justify this conclusion for although according to tho report each measurenent was made with great care
the plotted results indicate a very great experimental error.
Walker (Proc. Roy. Soc. Edin. 27, 343, 1907) following identically the same plan as Miss Noyes except that he used resistance to measure temperature (a method abandoned by Miss IToyes) found very irregular changes. A small current caused a decrease in the modulus in the caeo of 3teel, soft iron, and copper.
This was not observed in the case of platinum.
Further increase in current resulted in a rapid increase in Young' s modulus to a maximum value, followed by a decrease to about the original value.
Upon cooling a maximum value was passed but the values of the modulus for decroasig current were considerably different from those for increasing, A more critical detailed discussion of the work of previous investigators is unnecessary here. It is evident that their results lead to no satisfactory conclusion.
The writer upon careful examination of the literature arrived at the opinion that the inability of the investigators to secure consistent results or of any single investigator to secure results of unquestionable value was duo to the use of apparatus and methods which introduced groes errors.
It was his conclusion that the working assumption should be that the changes in Y o u n g ' s modulus have some system and that inconsistent results should be attributed to faulty apparatus as long as a possibility of improvement remains. Consequently in the work herein described no attempt has been made to refine the individual measurements but rather to set a certain standard of accuraccy that all measurement must satisfy and to eliminate from the apparatus every possible source of gross error.
Form of Apparatus.
'rhe wire to be tested must of course bo enclosed in a box so that it may be raised to a high temperature. However it must not be permitted to come in contact with any portion of this box but rmist be freely suspended. The method employed to secure free suspension i3 3hown in * ig. 1·
A light flexible cord passes from the weights (\V) over the pulley (P) and is joined to the wire to bo tested by means of the glass coupling (a) which servos as an insulator, as does also the adjustable support (b) at the other end of the wire. 
8.
Current is load to the wire at (d) and ( I t is o f th e g r e a te s t im p o rta n ce t h a t th e fo r c e o f th e w e ig h ts (W) be t r a n s m itt e d to th e w ir e w it h no lo s s . A w h e e l, th e means u s u a lly em ployed, 
ro u g h t in t o such a p o s it io n t h a t th e l i n e betw een th e two p o in t s as d e te rm in e d
"by t r y square and s ig h t in g th ro u g h th e h o le passes p e r p e n d ic u la r ly th ro u g h th e c e n te r o f th e d is c .
P a rt o f th e p u lle y is c u t away b u t a c o u n te r w e ig h t is added as in d ic a t e d . I t has been fo u n d b y t r i a l t h a t
th e e r r o r due t o th e p u lle y is to o s m a ll t o bo d e te c te d . 
11.

A t t e n t io n has a lr e a d y been c a lle d t o th e f a c t t h a t some o f th e e a r l i e r in v e s t ig a t o r s fo u n d
t h a t c u r r e n t caused le n g th e n in g . The w o rk o f Basso, E x n e r, B lo n d lo t , and R ig h i (W iedem ann's S l e k t r i c i t a t ) a lth o u g h n o t c o n c lu s iv e seems t o in d ic a t e t h a t th e o n ly change in le n g th duo t o c u r r e n t can be a c c o u n te d f o r
by th e te m p e ra tu re . I t w o u ld seem as i f change o f le n g th s h o u ld bo an a c c u ra te m ethod o f m e a s u rin g te m p e ra tu re , b u t s in c e th e e v id e n c e is n o t c o n c lu s iv e and t h i s m ethod has n o t r e s u lt e d in a n y th in g l i k e s a t is f a c t o r y r e s u lt s in th e case o f H is s Hoyes i t was d e c id e d t o em ploy a means o f m e a s u rin g te m p e ra tu re in d e p e n d e n t o f any te m p e ra tu re e f f e c t in th e w ir e i t s e l f . S ince h e a t is g e n e ra te d in e v e ry p a r t o f a c u r r e n t c a r r y in g w ir e th e re is c o n d u c tio n o f h e a t from th e in s id e o f th e w ire o u tw a rd s . C o n se q u e n tly th e r e i3 an in c re a s e o f te m p e ra tu re in th e c e n te r r e s u lt in g in a number o f e f f o c t s each o f v/hich has i t s e f f e c t upon th e c u r r e n t d i s t r i b u t i o n and in t u r n upon th e te m p e ra tu re d i s t r i b u t i o n . S ince th e therm o elem ents read s u rfa c e te m p e ra tu re o n ly , i t is n e c e s s a ry when th e w ir e is c a r r y in g c u r r e n t t o c o r r e c t t h i s re a d in g in o rd e r t o f in d th e average te m p e ra tu re th ro u g h o u t th e c ro s s s e c tio n o f th e w ir e .
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Fig. 4.
C a l i b r a t i o n o f T h e r m o -e l e m e n t s .
15.
A m a th e m a tio a l a n a ly s is w o u ld g iv e a fo rm u la f o r average te m p e ra tu re in term s o f s u rfa c e te m p e ra tu re , c u r r e n t, and a number o f c o n s ta n ts v a r y in g w it h th e air^e and m a t e r ia l o f th e w ir e . The is h e a te d e x t e r n a lly to a c e r t a in temperature as is in d ic a te d by th e ga lva n o m e te r (th e rm o -e le m e n t) r e a d in g s . The le n g th is obse rved and m a in ta in e d c o n s ta n t w h ile g r e a te r and g r e a te r c u r r e n t is passed th ro u g h th e w ir e , th e c u r r e n t th ro u g h th e h e a tin g c o i l b o in g o f course decreased a t th e 3ame tim e .
In t h i s way, as th e c u r r e n t in c re a s e s , th e same average te m p e ra tu re is fo u n d to be re p re s e n te d
16.
by When no c u r r e n t is p a s s in g th o w ir e is o f u n ifo rm te m p e ra tu re th ro u g h o u t and th e therm o elem ents g iv e th e t r u e average te m p e ra tu re . B ut as F ig. 5.
more and more c u r r e n t is passed th e d iff e r e n c e "between th o a ve rage te m p e ra tu re and th e therm o elem ent r e a d in g in c re a s e s . F o r any c o m b in a tio n o f s u rfa c e te m p e ra tu re and c u r r e n t th e r e e x is t s a d e f i n i t e average te m p e ra tu re . F or in s ta n c e i f we have a th e rm o -e le m e n t re a d in g o f 115°0. and a c u r r e n t o f 8 amperes we f in d t h i s p o in t to bo on th e 120°C.
c u rv o . The c o r r o c t io n w i l l bo 5°G .w h ich is to be added t o th e ob se rve d s u rfa c e te m p e ra tu re to f in d
th e average te m p e ra tu re .
The use o f th e rm o -e le m e n ts has one d e c id e d advantage and t h a t is t h a t b?/ s lip p in g th o e lem e nts t o d i f f e r e n t p a r ts o f th e w ir e th e d i s t r i b u t i o n o f te m p e ra tu re can bo fo u n d . As i t to o k th o a u th o r a number o f days t o se cure u n if o r m it y o f te m p e ra tu re i t is b o lio v o d t h a t h e r e in l i e s a f e r t i l e sou rce o f e r r o r in p re v io u s w o rk in w h ic h
th e te m p e ra tu re wa3 m easured b y change o f le n g th o r r e s is t a n c e . In th e s e in s ta n c o s th e p r e c a u tio n s ta k e n t o e o c u ro u n if o r m it y o f te m p e ra tu re were o f a s o r t fo u n d by th e p re s e n t w r i t e r t o be in a d o q u a te .
I.fea3uremonts.
The measurements t h a t e n te r in to th e d e te rm in a tio n o f Young' s modulus a re mado as f o llo w s :
Length o f w ir e * 7,'hile th e o b s e rv in g m icroscopes a re s t i l l in p o s it io n th e w ir e and h e a tin g box a re removed 
G a lib r a t io n o f th e m o -e le m o n ts . T h is is done
w it h an a c c u ra te therm om eter.
?;easurement o f te m p e ra tu re . A sd e s c rib e d above. As q u i e t l y as p o s s ib le th e l e f t c ro ss h a ir s a re a g a in s o t , th o d iff e r e n c e in th e s e t t in g s o f th o l e f t m ic ro m e te r screw g iv in g th e amount o f s t r e t c h . About te n such re a d in g s a re ta k e n and th e th e rm o -e le m e n ts re a d a g a in .
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M ethod of Taking
Sources o f K r r o r and A ocuraocy o f .York.
When a w ir e i3 s tr e tc h e d h o r iz o n t a lly i t s w e ig h t causes i t to hang as a c a te n a ry . C o n seque ntly a p a r t o f th e a p p a re n t le n g th e n in g caused by th e a d d it io n o f a w e ig h t is due t o th e s t r a ig h t e n in g o f th e w i r e . in th e a p p a ra tu s and m ethod. A t th e tim e o f w r i t i n g th e a p p a ra tu s possesses th e f o llo w in g adva nta ges. The w ire is fr e e from c o n ta c t w it h any body w h ic h n ig h t a f f e c t i t s p o s it io n o r ap p a re n t le n g th . The w ir e is mounted in a box a rra n g e d to socuro u n if o r m it y o f te m p e ra tu re o v e r th e p o r t io n u nd er o b s e rv a tio n . The fo rc e o f th o w e ig h ts is a p p lie d to th e w ir e i t s e l f w ith o u t lo s s o r g a in .
A lth o u g h th o s e c o n d itio n s a re e s s e n tia l to s a t is f a c t o r y w o rk th e r e s u lt s o f p re v io u s in v e s tig a t o r s w o uld in d ic a te t h a t th e y have n o t been s e cu re d .
Results.
On the following shoet3 aro found data and curves for four series of readings for Wire #2. Form ula used . . . M = 4 6 .8 x IQ11 Revs, ( s tr e tc h ) (no account is ta ke n o f c h a n g e o f le n g th w it h te m p era ture) 
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W i r e # 2 , S e r i e s # 5 .
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Discussion of Results.
Fron the curves and data 3hovm on previous pages and other results that aro not shown we can at once reach a number of important concisions regarding the particular wires employed.
(1) Young's modulus decreases about 10 £ when the wire i3 heated either externally or internally, from 20°C. to 140°C. 
